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ABSTRACT: 

PURPOSE: To obtain the subject particle having weak hydrophobic nature, free 
from the influence of silanol and useful as a precursor of ion exchange resin 
by carrying out aqueous suspension polymerization of a specific methacrylate 
compound and a specific methacrylic acid ester of a polyol. 

CONSTITUTION: The objective particle composed of a methacrylic acid ester 
copolymer containing 0.01-1 meq/g of the functional group of formula III and 
0.5meq/g of hydroxyl group and free from the structure of formula II can be 
produced by the~aqueous suspension polymerization of (A) a compound of 
formula 

I (X is halogen; n is 1-25) (e.g. chloroethyl methacrylate), (B)a methacrylic 
acid ester of a polyol having hydroxyl group and free from the structure of 
formula II (R<SB>K/SB> to R<SB>3</SB> are H, alkyl, etc.) (e.g. glycerol 
dimethacrylate) and optionally (C) other methacrylic acid ester (e.g. methyl 



methacrylate). The amount of the component A is £gj0.15wt.% and that of the 
component B is(Sg^30wt.% based on the sum of thecomponents A to C. 
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(a) 0.01 meq/g to 1 meq/g of a functional group shown in general formula (I) 

— -t-ocH 1 cH,-*srX u) 

(wherein, in the formula, X is a halogen atom, and n is an integer in the range of 1 to 25), and 

(b) 0.1 meq/g to 5.0 meq/g of hydroxyl groups, and 

(c) a methacrylate copolymer free from the chemical structure shown in general formula 

(II) 

C — £ — R, (II 

t I 
OH OH 

(wherein, in the formula, Ri, R2 and R 3 are hydrogens, alkyl groups, hydroxyl groups or 
halogens). 

2. A method of producing resin particles in which the compound shown in general 
formula (HI) 

CH, 

CH,-CC(OCH,CH,-> r X (D 

b 

(wherein, in the formula, X is a halogen atom and n is an integer in the range of 1 to 25) (A), a 
methacrylate of polyol having hydroxyl groups but free from the chemical structure shown in 
general formula (II) 

CH» 

CH^CCCOCHtCHt-^X QD 



(wherein, in the formula, Ri, R 2 and R 3 are hydrogens, alkyl groups, hydroxyl groups or 
halogens) (B), and other methacrylates used as needed (C) are mixed in such a manner that (A) is 
at least 0.15 wt% and (B) is at least 30 wt% in terms of the weight of (A)+(B)+(C), and an 
aqueous suspension polymerization reaction is carried out. 



Detailed explanation of the invention 
Industrial application field 

The present invention pertains to resin particles that can be used effectively as a precursor 
of an ion exchange resin used for liquid chromatography, etc., and to a method of production 
thereof. 



As precursors of an ion exchange resin used for liquid chromatography currently in use, 

1) styrene-divinyl benzene copolymer (Giichi Butoh, Selection and Use of Column 
Fillers, Kodansha Corp., p!9, 1987 publication) 

2) silica gel (same as above) and 

3) a material produced by performing a hydrolysis reaction for glycidyl groups of 
copolymer particles of glycidyl methacrylate and ethylene glycol dimethacrylate and further 
performing a reaction with epichlorohydrin (Japanese Kokai Patent Application No. Hei 
l[1989]-54004), 

etc. can be mentioned. 

The hydrophobicity is high in 1), 2) is likely to be influenced by silanol group, and the 
structure (1,2-diol structure) shown in the aforementioned general formula (II) is included in 3); 
thus, when a eluate containing an boric acid type compound is used, a reaction occurs between 
boric acid and the 1,2-diol structure portion shown in general formula (II) and a cation is formed, 
which is not desirable. 

Problems to be solved by the invention 

The present invention pertains to resin particles with low hydrophobicity and without 
silanol groups and that do not react with boric acid, and thus, can be effectively used as a 
precursor of an ion exchange resin for liquid chromatography, etc. that can be widely used under 
a variety of conditions, and to a method of production thereof. 

Means to solve the problems 

The present invention pertains to resin particles comprising 

(a) 0.01 meq/g to 1 meq/g of a functional group shown in general formula (I) 



Prior art 




U) 



(wherein, in the formula, X is a halogen atom, and n is an integer in the range of 1 to 25), and 
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(b) 0.1 meq/g to 5.0 meq/g of hydroxy! groups, and 

(c) a methacrylate copolymer free from the chemical structure shown in general formula 

(H) 

i f 

C C Ri (I) 

\ I 
OH OH 

(wherein, in the formula, Ri, R 2 and R 3 are hydrogens, alkyl groups, hydroxyl groups or 
halogens). 

Furthermore, the present invention pertains to a method of production of resin particles in 
which the compound shown in general formula (HI) 

CH» 

CH^CC (OCHdCHt-^X (OD 



(wherein, in the formula, X is a halogen atom and n is an integer in the range of 1 to 25) (A), a 
methacrylate of a polyol having a hydroxyl group but free from the chemical structure shown in 
general formula (II) (B), and other methacrylates used as needed (C) are mixed in such a manner 
that (A) is at least 0.15 wt% and (B) is at least 30 wt% in terms of the weight of (A)+(B)+(C), 
and an aqueous suspension polymerization reaction is carried out. 

The -X position of the functional group shown in general formula (I) is essential for 
reaction with amines, etc. and to introduce an ion exchange group, and the amount used is in the 
range of 0.01 meq/g to 1 meq/g. When the above-mentioned minimum amount is not exceeded, 
adequate ion exchange performance cannot be achieved; on the other hand, when the maximum 
amount is exceeded, rapid analysis is impossible. 

Hydroxyl groups are essential to provide hydrophilicity to the resin particles, and the 
amount used is in the range of 0.1 meq/g to 5 meq/g. When the above-mentioned minimum 
amount is not exceeded, an adequate hydrophilicity cannot be achieved; on the other hand, when 
the maximum amount is exceeded, the suspension system becomes unstable at the time of 
production of the resin particles. In this case, the hydroxyl groups are hydroxyl groups other than 
in the aforementioned general formula (II) so that cations are not formed as a result of reaction 
with boric acid. 
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For the halogen atom in the aforementioned general formula (DOT) used in the present 
invention, fluorine, chlorine, bromine, iodine, etc. can be mentioned. For the compound shown in 
the aforementioned general formula (HI) used in the present invention, for example, chloroethyl 
methacrylate, bromoethyl methacrylate, chloroethoxy ethyl methacrylate, bromoethoxy ethyl 
methacrylate, chloroethoxy polyethylene glycol methacrylate (polymerization degree of 
polyethylene glycol of 2 to 24) and bromoethoxy polyethylene glycol methacrylate 
(polymerization degree of polyethylene glycol of 2 to 24) can be mentioned. 

Among the above-mentioned compounds, for example, chloroethyl methacrylate, can be 
produced as usual by the reaction of 2-hydroxyethyl methacrylate with thionyl chloride in 
pyridine, etc. (0°C to 10°C, 2 h), and by further performing a heat-treatment (50°C to 70°C, 8 h). 



CH, 0 

CH.-C — $-0-CH,CH,-OH ' > 

CH, O O 
I U fl 
CH,«C — C-0-CH,CH,-OSC/ + HC/ 



CD 



CH. O 

.7" 80> > CH*=C — $-0-CH,CH,- Ci 



Key: 1 Pyridine 

The methacrylate of a polyol having hydroxyl groups used in the present invention does 
not have the chemical structure shown in the aforementioned general formula (II) (B) and 
includes at least two methacrylol groups in the molecule. For the above-mentioned component, 
for example, pentamethacrylates of sugar alcohols such as glycerol dimethacrylate, trimethylol 
propane dimethacrylate, tetramethylol methane dimethacrylate, tetramethylol methane 
trimethacrylate and sorbitol can be mentioned. 

Furthermore, for other methacrylates used as needed (C), for example, alkyl 
methacrylates, such as methyl methacrylate and ethyl methacrylate, hydroxy alkyl methacrylates, 
such as hydroxyethyl methacrylate and hydroxypropyl methacrylate, ethylene glycol 
dimethacrylate, propylene glycol dimethacrylate, polyethylene glycol dimethacrylate, 
polypropylene glycol dimethacrylate, trimethacrylate of glycerol, trimethacrylate of trimethylol 
propane, tetramethacrylate of tetramethylol propane, etc. can be mentioned. 

From the standpoint of function and pressure resistance of the resin particles as an ion 
exchange resin precursor, it is necessary to mix the compound shown in general formula (HI) 
(A), a methacrylate of a polyol having hydroxyl groups but free from the chemical structure 
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shown in general formula (II) (B), and other methacrylates used as needed (C) in such a manner 
that (A) is at least 0.15 wt% and (B) is at least 30 wt% in terms of the weight of (A)+(B)+(C), 
and to perform an aqueous suspension polymerization reaction. 

It is desirable when (A) is not more than 70 wt%, and (B) is not more than 99.85 wt%. 

It is desirable for the resin particles of the present invention to have a spherical shape so 
that high-density filling of a column for chromatography is possible. 

The aqueous suspension polymerization reaction is a known polymerization reaction 
method; suspension polymerization is performed in an aqueous medium, and in the aqueous 
medium, water is essential; furthermore, water with a dissolved water-soluble organic solvent 
may be used as well as long as the stability of the suspension system is not inhibited. 

For a suitable polymerization initiator for the aqueous suspension polymerization 
reaction, organic peroxides such as benzoyl peroxide, dichlorobenzoyl peroxide, dicumyl 
peroxide, di-tert-butyl peroxide, 2,5-di(peroxy 

benzoate)hexyne-3,l,3-bis(tert-butylperoxyisopropyl)benzene, lauroyl peroxide, tert-butyl 
peracetate, 

2,5-dimethyl-2,5-di(tert-butylpero and 
tert-butyl benzoate, methyl ethyl ketone peroxide and methyl cyclohexanone peroxide, azo type 
compounds such as azobisisobutylonitrile and dimethyl azodiisobutyrate, can be mentioned, and 
furthermore, one or two or more different types of the above-mentioned materials may be used in 
combination. The amount used is determined based on the type of compound (monomer) used 
for the reaction, etc., and it is desirable when 0. 1 to 4.0 wt% is used with respect to the total 
amount of the monomer. 

Furthermore, an almost insoluble phosphate, a water-soluble polymer protective colloid, 
etc. may be added to the polymerization system as a dispersant. 

For almost insoluble phosphates, calcium triphosphate, magnesium phosphate, etc. can be 
mentioned. For polymer protective colloids, polyvinyl alcohol, water-soluble cellulose /4 
derivatives such as an alkylcellulose, hydroxyalkylcellulose, and carboxyalkylcellulose, sodium 
polyacrylate, etc. can be mentioned. It is desirable to use at least 0.01 wt% of almost insoluble 
phosphate and 1 to 0.001 wt% of water-soluble polymer protective colloid for the total weight of 
the material in the polymerization system. 

Furthermore, an anionic surfactant may be added to the polymerization system as a 
dispersing coagent for adjustment of the particle diameter, etc. or a water-soluble inorganic salt 
may be added to the polymerization system to reduce the solubility of the organic solvent that is 
insoluble in the monomer or water. 

For the anionic surfactant used as a dispersing coagent for an adjustment of the particle 
diameter, etc., for example, alkyl sulfonates such as sodium lauryl sulfonate and sodium stearyl 
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sulfonate, alkyl benzene sulfonates such as sodium lauryl sulfonate, and sodium stearyl benzene 
sulfonate, etc. can be mentioned. It is desirable when 0.1 wt% or less of surfactant is used with 
respect to the total weight of the materials existing in the polymerization system. 

For the water-soluble inorganic salt added to the reaction system for the purpose of 
reducing the water solubility of the organic solvent insoluble in monomer or water, chlorides 
such as sodium chloride, potassium chloride, calcium chloride and magnesium chloride, sulfates 
such as sodium sulfate, potassium sulfate and magnesium sulfate can be mentioned. The 
above-mentioned inorganic salts can be used in an amount where they are soluble in water. 

The compound shown in general formula (HI) (A), a methacrylate of a polyol having 
hydroxyl groups but free from the chemical structure shown in general formula (II) (B), and 
other methacrylates used as needed (C), dispersant, polymerization initiator, optional dispersing 
coagent, organic solvent insoluble in water, etc. can be added in the form of a mixture or 
independently to the aqueous medium and dispersing is performed. In this case, it is desirable 
when high-speed mixing is done by a homomixer, etc. to achieve adequate dispersion, and the 
above-mentioned high-speed mixing can be conducted up until the initial polymerization 
reaction. The polymerization from that point is carried out under normal stirring using a 
propeller stirring device. 

It is desirable when 1 to 50 times the weight of the total amount of (A)+(B)+(C) is used 
for the total amount of the aforementioned organic solvent that is insoluble in water. In this case, 
water is used as the aqueous medium, and an appropriate amount of water with a dissolved 
water-soluble organic solvent may be used as long as the stability of the suspension system is not 
inhibited. 

Resin particles with a particle diameter in the range of 1 to 200 |xm, preferably, 1 to 
15 |im, produced by the aqueous suspension polymerization reaction can be classified, as needed, 
and used. 

When a treatment (mixing, for example) is carried out for the resin particles of the 
present invention with an amine, for example, and a reaction is conducted, resin particles having 
ion exchange performance can be produced. 

Application example 

In the following, the present invention is explained in further detail with an application 
example. 

Application Example 1 

A mixture comprising 12 g of the compound shown below, 
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CH, 

CH, ~ C C -t 0 CH, CH, -Hr Ct 

II 
O 

(n=4, product of Nippon Yushi Co., Ltd., polyethylene glycol monomethacrylate, chlorinated 
material of product known by product name, Blenmer [transliteration] PE 200), 88 g of glycerol 
dimethacrylate (product of Nippon Yushi Co., Ltd., product name, Blenmer [transliteration] 
GMR), 100 g of dimethylphthalate and 0.5 g of azobisisobutylonitrile were suspended in 1 L of 
an aqueous solution of 0.1 wt% polyvinyl alcohol (polymerization degree 1500), and high-speed 
stirring was provided using a homomixer; then, further mixing was done for 10 min at room 
temperature, and then, the mixture was transferred to a standard propeller stirring device and a 
reaction was performed at 80°C for 6 h and production of resin particles insoluble in water and 
organic solvent was achieved. Furthermore, filtration was performed for the above-mentioned 
resin particles produced and extraction was carried out; washing was done with 2 L of water; 
then, with 2 L of methanol, and air drying was further performed to produce resin particles of the 
present invention. 

The concentration of the functional group of the above-mentioned material shown in 
general formula (I) was 0.43 meq/g (calculation based on a measured value of chlorine of 1.5% 
based on elemental analysis). Furthermore, the amount of hydroxyl groups of the 
above-mentioned material was 3.0 meq/g (based on chlorinated acetylation method). 

In order to provide ion exchange capability to the resin particles of the present invention 
produced above, the resin particles of the present invention produced above were classified into 
8 to 12 jim, then, 2 g of the above-mentioned resin particles were measured into a 100 mL flask 15 
with a ground stopper, 15 mL of 30 wt% trimethylamine aqueous solution were added and 
thorough dispersing was performed; then shaking was done at room temperature for 60 h. 
Subsequently, filtration was performed for the resin particles and extraction was achieved. The 
extracted resin particles (a) were used to fill a stainless steel column having an inner diameter of 
5.0 mm and length of 150 mm to form column A and measurement of a chromatogram was 
performed (Figure 1). 
Chromatogram conditions: 

Eluate: 1.1 mM Na 2 CO 3 /0.3 mM NaHC0 3 (pH 9.0) 

How rate: 2 mL/min 

Sample: 100 mL sample solution containing F 5 ppm, CI" 10 ppm, NO2" 15 ppm, Br" 10 
ppm, N0 3 " 30 ppm, P0 4 3 " 30 ppm, SO4 2 " 40 ppm 
Detector: Conductance detector 
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Furthermore, apart from the above-mentioned measurements, an eluate consisting of 1.3 
mM gluconic acid/1.3 mM boric acid (pH 8.5) was fed to column A at a flow rate of 2 mL/min 
for 24 h, then, an eluate consisting of 1.1 mM Na 2 CC>3/0.3 mM NaHC0 3 (pH 9.0) was fed at a 
flow rate of 2 mL/min for 2 h and measurement of a chromatogram was performed (Figure 2). 

The chromatogram conditions used in this case were the same as above. 

When comparison is made between Figure 1 and Figure 2, no change is observed when a 
boric acid type eluate, namely, 1.3 mM gluconic acid/1.3 mM boric acid (pH 8.5) was fed. In 
other words, boric acid resistance was confirmed. 

Comparative Example 1 

A mixture comprising 160 g of glycidyl methacrylate, 40 g of ethylene glycol 
dimethacrylate, 200 g of butyl acetate, and 1.0 g of azobisisobutylonitrile was suspended in a 
0.1 wt% polyvinyl alcohol (polymerization degree 1500) aqueous solution, and high-speed 
stirring was performed using a homomixer, then, mixing was further performed for 10 min at 
room temperature, and then, the mixture was transferred to a standard propeller stirring device 
and a reaction was performed at 80°C for 6 h and production of gel particles insoluble in water 
and organic solvents was achieved. Furthermore, filtration was performed for the 
above-mentioned gel particles produced and extraction was performed, washing was done with 
2 L of water; then, with 2 L of methanol, and air drying was further performed to produce resin 
particles (gel particles) outside the range of the present invention. The amount of the functional 
group of the above-mentioned material shown in general formula (I) was 0 meq/g. In order to 
provide ion exchange capability to the above-mentioned gel particles, the gel particles produced 
above were classified into 8 to 12 |im (glycidyl group content 4.5 meq/g (based on hydrochloric 
acid-dioxane method)). 

A reaction was performed for 20 g of the above-mentioned classified gel particles in 200 
mL of 0.5 N sulfuric acid at 80°C for 5 h; then, a hydrolysis reaction was performed for the 
glycidyl group in the gel particles so as to produce gel particles having a 1,2-diol structure 
(glycidyl group 0.0 meq/g (based on hydrochloric acid-dioxane met had carboxylic acid 0.0 
meq/g (based on neutralizing titration)). 

Furthermore, the hydroxyl group concentration in the above-mentioned material was 10 
meq/g (based on chlorinated acetylation method). 

Furthermore, mixing was performed for 2 g of the aforementioned gel particles having a 
1,2-diol structure, 3 g of ethylene glycol diglycidyl ether, 20 mg of borosodium hydride and 10 
mL of IN sodium hydroxide aqueous solution, and a reaction was performed at 40°C for 1.5 h. 
Subsequently, filtration was performed and extraction of the gel was achieved, and washing was 
done in 500 mL of methanol, [and then, in] 500 mL of water. Furthermore, mixing was 
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performed for all of the above-mentioned gel particles, 10 g of water and 2 g of triethylamine, 
and a reaction was performed at 40°C for 4 h, filtration was performed and extraction was further 
performed. 

The gel particles (b) produced were filled in a stainless steel column with an inner 
diameter of 5.0 mm and length of 150 mm to form column B, and measurement of a 
chromatogram was performed (Figure 3). 

The chromatogram conditions used in this case were the same as above. 

Furthermore, apart from the above-mentioned measurement, an eluate consisting of 1.3 
mM gluconic acid/1.3 mM boric acid (pH 8.5) was fed to column B at a flow velocity of 2 
mlVmin for 24 h; then, an eluate consisting of 1.1 mM Na 2 CO3/0.3 mM NaHC0 3 (pH 9.0) was 
fed at a flow rate of 2 mL/min for 2 h and measurement of a chromatogram was performed 
(Figure 4). 

The chromatogram conditions used in this case were the same as above. 

When comparison is made between Figure 3 and Figure 4, when a boric acid type eluate, 
namely, 1.3 mM gluconic acid/1.3 mM boric acid (pH 8.5) was fed, a change in the 
chromatogram was observed, and a reaction occurs between the 1,2-diol structure of the gel 
particles (b) and boric acid and the column performance is reduced, and boric acid resistance was 
absent. 

Effect of the invention 

The resin particles of the present invention exhibit excellent properties such as low 16 
hydrophobicity, a silanol group influence is absent, and reaction with boric acid, does not occur 
and said particles can be used effectively as a precursor of an ion exchange resin for liquid 
chromatography, etc. that can be widely used under a variety of conditions. 

Brief description of the figures 

Figure 1 is a chromatogram of column A where the resin particles of an application 
example of the present invention are used as a filler, Figure 2 is a chromatogram of column A 
after a boric acid resistance test, Figure 3 is the chromatogram of column B where gel particles 
of a comparative example are used as a filler and Figure 4 is a chromatogram of column B after a 
boric acid resistance test. 

Explanation of symbols 

1 ... Elution peak of fluoride ion 

2 ... Elution peak of chloride ion 

3 ... Elution peak of nitrous acid ion 



4 ... Elution peak of bromide ion 

5 ... Elution peak of nitric acid ion 

6 ... Elution peak of phosphoric acid ion 

7 ... Elution peak of sulfuric acid ion 
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